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TECHNICAL NOTE NO . 342. 
IDENTIFICAT ION OF AIRCRAFT TUBEJG BY ROCKWELL TEST. 
By Hor ace C. Knerr .* 
Seaml ess steel tubing is to- day the principal material of 
construction for a ircraft . The commercial grade of tubing con-
taining about 0 . 10 to 0 . 20% carbon at first used is being super-
seded by two g rades which al'e approved by the army and navy, and 
which are also becoming standard for comme r cial airplanes, whose 
composition is given below : 
steel #1025 
straight carbon 
Carbon . .... ....... . 
Manganese . .... .... . 
Phosphorus max • .... 
Sulphur max •.. ..... 
. 20-. 30 
• 50-. 80 
• 045 
. 05 
st eel #4130X 
chrome molybdenum 
Carbon ............ . 
hangane se . . . ... ... . 
Phosphorus max • .... 
Sulphur max •. .... .. 
Chromium ......... . . 
'[olybdenum .... .... . 
. 25- . 35 
.40-.60 
.04 
.045 
. 80-1 .10 
. 15- . 25 
(A 3t% nicke l steel WaS formerly employed in aircraft con-
struct ion, where high strength Was required , but this is being 
abandoned in fav or of chrome molybdenum steel because of the 
superior characteristics of the latter.) 
The physical properties of the two standard steels , in the 
normalized condit i on, are as follows: 
*President, ietallurgical Laboratories , I:lC . ; Consulting Metallur-
gical Engineer, SW'lmerill Tubing Company. 
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st eel #=1 025 
gtraight carbon 
\ Yield po i nt (min.) ... 36,000 
Tensile strength ..... 55,000 
Elongation in 2" .. ... 22% 
st ee l #4130X 
chrome molybdenum 
2 
Yield point (mi n.) . .... 60 , 000 
Tensile st rength . ..... 95 , 000 
Elongation in 2 " ..... . 12% 
The above propert ies are minimum value s aIld are ordinarily 
consider ably exceeded. Steel #4l30X can , by heat treatment con-
s i s ti ng of quenching in oil from about 16000 F., followed by 
suit able t empering, be given extl'emely good phys i cal properti es 
such as are shown in following table : 
Physical pr opert i e s Pounds per square inch 
Tensile strength 
Yi eld point 
Elongat ion in 2" 
125 , 000 
110 , 000 
11% 
150 , 000 
130, 000 
9% 
175 , 000 
140, 000 
1-% 
200 , 000 
150,000 
5% 
Axles , l anding gears , wing beams, and other parts requiring 
high strength are made of chr ome molybdenum s teel heat- treated 
after a ssembly. The major par t of both types of steel is used 
in the construction of airplane f uselage s assembled by welding 
As it i s ordinarily impr act icable to heat - t re at an assembled 
fu selage, design factors are b as ed on the strength of the t ubing 
in the normalized condition. Most aircraft builders prefer to 
have the mild carbon steel in a sl i ghtly har der state than re-
sults from norillalizing , and it is moderately t emper ed by the 
tube mi ll after col d drawing, so that it has a tensile strength 
in the neighborhood of 60 , 000 to 65 ,000 pounds per square inch . 
The chrome molybdenum tube is, however, nor malized by the tubing 
manufacturer. This treatment consists in heat i ng it to 16000 F. 
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and allowing it to cool with free circulation of air. 
In spite of the greatest care, there is danger that an oc-
casional tube of #1025 steel may become mixed with a quantity 
of #4130Xsteel, in the tube mill, or in the aircraft manufactur-
er ' s plant . If such a tube entered into const ruction where de-
sign called for chr ome molybdenum tube, e ither normalized or 
heat- treated, ther e would be serious ri sk due to it s inferior 
str ength. I t is therefore important to guard against such ad-
mixture . 
In the tube mill, the problem is a difficult one. It re-
quires the testing daily of thousands of pieces of tube, vary-
ing in length from 10 to 20 feet, but averaging about 12 to 15 
feet; varying in diMneter f r om 1/4 to 4 inches ; varying in wall 
thickness from .0015 to 3/8 inch , and va rying in shape from 
round to streamline, elliptical , square, and other special forms. 
It is of cour se impractic ~bl e to make a tensile test on each 
piece. No chemical test, even of a qualitative nature, is avail-
able for the ready and rapid identification of chrome molybdenum 
steel . One or two tests which have be en developed a re not pos-
itive under all circumstances and require too much time and atten-
tion to be pract i cable in the inspection dep artment of a tube 
millo Magnetic tests have possibilities , but require relative-
ly costly equipment, and are s ubject to certain limitations. 
A hardness test appears to be the most desirable from the stand-
point of simplicity, speed , and dependabil ity. Neither Brinell 
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tests nor Scleroscope hardness tests can be appl i ed to thin-
walled tubing. The Rockwell hardness test seemed to offer prom-
i se and was acco r dingly investigated. 
A large number of tests we r e made on tubes of #1025 and 
# 4130X steel, in vari ou s diruneters and wall thi cknesses, and 
aft er diverse heat treatments . The Ro ckwell B scale Was el1ployed, 
as be ing best suited to the r anges of har dness encountered. It 
WaS found that the Rockwell hardness did not bear any direc t 
r el at ion to the tensile st r ength of the tubing, and it was also 
found that the hardness ranges of the two types of tubing i n 
the II as dr awn ll condi tion, overlapped. However, after normaliz-
ing , there was found to be a distinct gap between the Rockwell 
B har dness of #1025 steel ~nd that of #4l30X steel . While each 
varied in hardness with in fairly wide limits, no carbon s~ecl 
showed a hardness in excess of 8G- B and no chr ome rtlolybdenu.m 
steel showed a hardness less than 90-B, wi th the ezception of 
a few p i eces . The latter, under th e test, were laid aside as 
doubtful . Only satisfactory chrome molybdenum tubes were found 
to show a hard.ness in excess of 90-B after normal i zing . The 
method therefore provided the des ired means of i dentif i cation 
of chrome molybdenum steel . I t is a qual i tat ive test only . 
The conditions of sat i sfacto r y test are as follows: 
a) The tubing must be normalized as above described . 
b) I t mus t be clean ins i de ~nd out at the point where the 
test is to be made, to insure the removal of dirt 
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and scal e, and present a smooth bright surface . 
c ) The tube must be held in corTC3'ct alignment wi til the 
penet rator and must not move during the test. (A 
per manent movement of 0 . 0001 inch affects the r ead-
i ng.) 
d ) For thin- walled tubes , the anvil must extend wi thin 
the tube so as to support t he wall . 
It wa.s found that, on tubes having a wall thickness l ess 
than ,.035 inch, it wa.s necessary to apply a cor r ection factor 
to the r eading , owing to the effect of the anvil . This, how-
ever, i n no -way interferes with the di st i nct i on between the 
t wo g rade s of steel . Certain anv ils al so r equi r e t he use of a 
correcti on facto r such as the addition of about 2 po ints to 
the r eading, because of the indentat i on made by anvils of small 
diameter on the i nner wal l of small tubes . 
Because of the gr eat d i ff i culty in:. hold.i ng tubes of long 
and v arying lengths in co rrect alignment with the Rockwell pen-
etr ator, it Was at first necessary to cut off a short length 
from the end of each tube, to number th e tube and the end there -
of, cor r espondingly, and to take read i n68 on these small ring s . 
Both the tube and the ring we re g iven the S ~fle normal izing 
treatment. This entailed a l ar ge M~ount of l abor in the cutting 
off and numbering of the tubes, the latter being done by means 
of s t eel stencils . In order to eliminate this excess labor and 
sp ee d up t he i nspection of large quantities of tub ing , a machine 
,) 
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Was designed* to handle the vaxious s izes of tubing and hold 
them in cor re ct alignment . (Fi gures 1, 2, 3). The machine waS 
provided with a cleaning apparatus to prepare the ends of the 
tubes for the Rockwell test . This apparatus cons i sted of an 
emery belt fo r cleaning the outer sur face over a suitabl e small 
ar~ and at the same time, cleaning the inner surface over a 
corresponding ar c . The i nner sur face i s cleaned by means of a 
rotating file while the emery belt cleans the outer surface 
(Figur e 4) . This paxt of the work i s done by one operator, who 
then l oads t he tubes on a set of conveyo r chains by which they 
are t rans f erred ac r oss the machine to the other operator who 
takes Rockwell r eadings . The two oper ators readily keep pace 
with each other, but if there is a difference in their speed of 
oper at ion, or if it i s desi r ed to conduct the test with only 
a single oper ator when the quant i ty of work is not great, a 
batch of tubes can fi r st be cleaned and placed on the conveyor 
chains , whereup on the operato r takes hi s position at the other 
side of the mach i ne , and makes the Rockwell r eadings, moving the 
prepared tubes toward him by means of a hand lever which oper-
ates the conveyor chains . To provide for testing tubes of 
vaxious di ameters the machine Was des i gned so as to align- the 
tubes with the Ro ckwell penetr ato r by means of a guide at their 
~er sur face . In other wo r ds , the t ubes ar e pr essed upward 
against the lower sur face of a st raight edge whi ch is correctly 
aligned with the penet rat or. Provision is made for accurate 
*Designed by Andrew King, Consult ing Mechanical Zngineer , and 
the writer •. 
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adjustment between the penet rator and the st raight- edge guide. 
Speci al anvils we r e des i gned having a cylindrical member hori-
zontally mounted and extending into t he tube axially about 1/4 
to 1/2 inch, thereby g iving a line support fo r t he ins ide sur-
face beneath the penet rator. I t is necessary that the axis of 
the cylindrical support be accurat ely parallel with the axis 
of the tube . An adjustable gui de rod extending from the anvil 
into a vertical slot attached to the machines takes car e of 
this. It was found necess ary, because of very slight devia-
tions in straightness and other irregularities to clamp the ends 
of the tubes tight ly agains t the supporting cylinde r in order 
that th e tube and cylinder be solidly i n contact before taking 
a re ading . The anvil is therefore provi ded with a clamping de -
vice opel'ated by a small hand l ever us sho'wn in Figures 5 and 6 . 
Anvil s of two sizes we r e found to be adequate to take car e 
of a wide variation of di~~et ers and thicknesses of tubes. One 
of these has a supporting cylinder 1/8 inch in d iruneter c~d 
3/8 inch long , and the other 1/2 inch in diamete r and 5/8 inch 
long . The anvils ure int er changeabl e with the r egular anvils 
of the Rockwell mach ine. 
The f irst operator brings the tube to pr oper p osition be -
t wee n the belt and the rotating file by hand, then brings the 
bel t down upon the tube by means of afoot pedal . Ordinar'y 
round files are used for clean i ng the inside surface , a half-
inch fil e being used for large tubes, and one-eighth inch f il e 
j. 
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for very sm~ll tubes . The files are broken i nto short lengths 
of about 2 inches and the pieces are held in a drill chuck, 
which is rotated by the same motor which drives the emery belt. 
Files and belts are renewed from time to time . A hood ru1d ex-
haust remove the dust and filings. 
The second operator, who takes the har~~ess readings, moves 
the tubes toward himself as required, by means of Q hand lever 
and rachet which operates the conveyor chains . The tube is al-
lowed to fall upon a series of fingers, whereupon it rolls un-
der the straight edge a1d is then brought up against the latter 
by means of a foot pedal. (Figures 1 and 2). After taking the 
reading, a further movement of the foot pedal discharges the 
tube upon a waiting truck. 
This method and apparatus have been in operation for ap-
proximately two years at one manufactur er I s plant, and many 
hundreds of thousands of feet of tubing have been tested. In no 
case has a mild carbon steel tube been allowed to pass except 
in a very few instances wh ich were traceable directly to the 
carelessness of the operator. To take care of the increased 
production, a second mach ine has been constructed, s imilar to 
the first one, and has been in use fo r about six months. 
May , 1930. 
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